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Ginsenoside-Re ameliorates ischemia and reperfusion injury in the 
heart: a hemodynamics approach 
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Ginsenosides are divided into two groups based on the types of the panaxadiol group (e.g., ginsenoside-Rbl and -Rc) and 
the panaxatriol group (e.g., ginsenoside-Rgl and -Re). Among them, ginsenoside-Re (G-Re) is one of the compounds with the 
highest content in Panax ginseng and is responsible for pharmacological effects. However, it is not yet well reported if G-Re 
increases the hemodynamics functions on ischemia (30 min)/reperfusion (120 min) (I/R) induction. Therefore, in the present study, 
we investigated whether treatment of G-Re facilitated the recovery of hemodynamic parameters (heart rate, perfusion pressure, 
aortic flow, coronary flow, and cardiac output) and left ventricular developed pressure (±dp/dt max ). This research is designed to 
study the effects of G-Re by studying electrocardiographic changes such as QRS interval, QT interval and R-R interval, and 
inflammatory marker such as tissue necrosis factor-a (TNF-a) in heart tissue in I/R-induced heart. From the results, I/R induction 
gave a significant increase in QRS interval, QT interval and R-R interval, but showed decrease in all hemodynamic parameters. 
I/R induction resulted in increased TNF-a level. Treatment of G-Re at 30 and 100 p.M doses before I/R induction significantly 
prevented the decrease in hemodynamic parameters, ameliorated the electrocardiographic abnormality, and inhibited TNF-a level. 
In this study, G-Re at 100 p.M dose exerted more beneficial effects on cardiac function and preservation of myocardium in I/R 
injury than 30 uM. Collectively, these results indicate that G-Re has distinct cardioprotectective effects in I/R induced rat heart. 
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INTRODUCTION 

Cardiovascular disease (CVD) is one of the most 
pressing dangers that accounts to over 50% of total mor- 
tality worldwide. According to World Health Organiza- 
tion, CVD particularly ischemic disease is the primary 
cause of morbidity and mortality, and will be the major 
cause of death by the year 2020 [1]. Ischemic disease 
caused by ischemia/reperfusion (I/R) injury results from 
a serious impairment of blood supply in the coronary ar- 
tery. This leads to irreversible metabolic and myocardial 
changes with its final outcome associated with myocar- 

(3) This is an Open Access article distributed under the terms of the Cre- 
ative Commons Attribution Non-Commercial License (http://creativec.om- 
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use, distribution, and reproduction in any medium, provided the original 
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dial ischemia. And, arrhythmias and cardiac contractile 
dysfunction were induced by myocardial I/R [2-4]. Pa- 
tients with CVD are susceptible to arrhythmias, cardiac 
infarction, and sudden death [5]. In addition, the harmful 
effects of I/R are caused by the reperfusion of coronary 
flow inducing intracellular calcium overload and oxida- 
tive stress which eventually leads to cell death [6]. For 
centuries, much progress has been made in the treatment 
of CDV Related studies show that cardioprotective drugs 
can significantly inhibit cardiac injury [7-9]. With these 
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medical advancements, reports show that mortality from 
CDV has declined during the last three decades [10-12]. 
Ginseng root, as an herbal medicine, has been widely 
used in the Orient for thousands of years [13,14]. Panax 
ginseng Meyer, a ginseng root belonging to the family 
Araliaceae, is an herbal medicine usually cultivated in 
Korea [15]. It is considered as a highly valued medicinal 
plant in East Asia and has gained popularity in North 
America for the past 20 years for its health containing 
compounds [16,17]. Among the complex compounds of 
ginseng, ginsenosides (also known as ginseng saponins) 
are the main components responsible for the pharmaco- 
logical effects of ginseng [18,19]. With recent technologi- 
cal developments, more than 150 naturally occurring gin- 
senosides have been obtained from Panax species [20], 
of which 40 of these can been isolated from P. ginseng 
[21]. Ginsenoside-Re (G-Re) is a primary ginsenoside 
which belongs to 20(S)-protopanaxatriol group [22]. Re- 
searches show that G-Re exhibits many pharmacological 
activities via different mechanisms [23,24]. Among these 
is negative action of G-Re on the anti-arrhythmic and 
anti-ischemic effects in cardiovascular system [25]. In 
this present study, the protective effect of G-Re on the 1/ 
R-injury in an isolated rat heart was evaluated. The pro- 
tective actions of G-Re through normalization of tissue 
necrosis factor-a (TNF-a) as well as hemodynamic pa- 
rameters such as perfusion pressure, aortic flow, coronary 
flow, cardiac output, and left ventricular developed pres- 
sure (±dp/dt max ) were investigated. 

MATERIALS AND METHODS 

Ginsenoside-Re and other agents 

G-Re was kindly obtained from Korea Ginseng Cor- 
poration (Daejeon, Korea). G-Re was dissolved in a 
modified Krebs-Henseleit (KH) buffer which consisted 
of 120.0 mM NaCl, 25 mM NaHC0 3 , 4.8 mM KC1, 1.2 
mM KH 2 P0 4 , 1.25 mM CaCl 2 , 1.2 mM MgS0 4 , and 1 1.0 
mM glucose. This perfusate suspension was centrifuged 
at 15,000 rpm for 10 min with the supernatant filtered 
through a 0.2 um syringe filter and transferred to another 
tube. The reagents used in this study were of analytical 
grade and were purchased from Sigma (St. Louis, MO, 
USA). 

Animals 

The study was conducted using forty-five male 
Sprague-Dawley rats weighing 200±15 g. All the animals 
were obtained from Japan SLC (Shizuoka, Japan). The 
rats were housed in cages well maintained at an ambient 
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Fig. 1. Experimental protocol. All experimental groups began with 
a 20 min perfusion period to allow for stabilization of the isolated 
hearts. Then, the hearts were divided into the normal control group (N/ 
C), the ginsenoside-Re (G-Re) alone treated group (G-Re control), 
the ischemia for 30 min and reperfusion for 120 min group (ischemia/ 
reperfusion [l/R] control), 30G-Re treated group, which received ad- 
ministration of 30 uM G-Re before ischemia induction (30G-Re+I/R), 
and 100G-Re treated group, which received administration of 100 uM 
G-Re before ischemia induction (100G-Re+I/R). 



temperature of 25±2°C with alternating 12 h of light/dark 
cycle. The experimental rats were allowed to have free 
access to standard food and water ad libitum for 1 wk to 
adjust them to the environment. The Principles of Labo- 
ratory Animal Care were followed in accordance with the 
Guideline for Institutional Animal Care and Use Com- 
mittees of Chonbuk National University (Jeonju, Korea). 

Experimental protocols 

The Sprague-Dawley rat hearts were perfused for a 
total of 170 min. This perfusal consisted of pre-ischemia 
period for 20 min, followed by global ischemia for 30 
min, and repurfusion for 120 min at 37°C (Fig. 1). The 
hearts were divided into five experimental groups (n=9, 
each group): 1) normal control (N/C): hearts were con- 
tinuously perfused with KH buffer without ischemia. 2) 
G-Re control: hearts were perfused with KH buffer for 
a 20 min pre-ischemia period, followed by treatment of 
100 uM G-Re, and perfusion was followed for 30 min 
plus 120 min. No global ischemia was induced. 3) I/R: 
hearts were perfused with KH buffer for a 20 min pre- 
ischemia period, followed by 30 min of global ischemia, 
and reperfusion of 120 min. 4) 30 uM G-Re: hearts were 
perfused with KH buffer for a 20 min pre-ischemia pe- 
riod, followed by treatment of 30 uM G-Re for 3 min, 
and 30 min of global ischemia. After global ischemia, 
reperfusion was followed for 120 min. 5) 100 uM G-Re: 
hearts were perfused with KH buffer for a 20 min pre- 
ischemia period, followed by treatment of 100 uM G-Re 
for 3 min, and 30 min of global ischemia. After global 
ischemia, reperfusion was followed for 120 min. the 
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Fig. 2. Chemical struture of ginsenoside-Re. 



chemical structure of G-Re was shown in Fig. 2. 

At the end of the experiments, heart tissues were 
quickly frozen by placing in liquid nitrogen for TNF-a. 

Langendorff heart preparation 

Rats were anesthetized with 25 to 30 mg of pentobar- 
bital using intraperitoneal injection. After confirming the 
loss of light reflex and responsiveness, the experimental 
rats were heparinized by administering 250 IU of sodium 
heparin via intraperitoneal injection and were intubated 
with a 16G catheter via tracheostomy. Ventilation was 
maintained by using an animal respirator (model SN- 
480-7; Shinano, Nagano, Japan). After median sternoto- 
my, the specimen hearts were rapidly excised en bloc and 
were immersed in ice-cold perfusion solution to prevent 
myocardial injury during the remaining procedure. All 
hearts were retrogradely perfused via the aorta on the 
Langendorff apparatus using modified KH solution con- 
taining 118 mM NaCl, 4.7 mM KC1, 1.2 mM MgS0 4 , 
1.2 mM KH 2 P0 4 , 25 mM NaHC0 3 , 10 mM glucose, 1.9 
mM CaCl 2 , and 0.5 mM Na-EDTA. The perfusate solu- 
tion was maintained at 37±0.2°C using a thermostatically 
controlled water circulating system (GP-200; NESLAB 
Instrument, Waltham, MA, USA) and was kept at pH 
7.4±0.02 with 3 L/min mixed gas (95% oxygen and 5% 
carbon dioxide). 

Hemodynamic measurement 

After the hearts were stabilized 20 min pre-ischemic 
periods, ischemia was induced for 30 min accompanied 
by the administration of G-Re for 3 min (flow rate 10 
mL/min). Global ischemia was achieved by clamping 



both the aortic and atrial lines for 30 min. In the N/C 
group, equal volumes of modified KH buffer were inject- 
ed into the aortic line for 3 min (flow rate 10 mL/min). 
The hemodynamic data (perfusion pressure, aortic flow, 
coronary flow, and cardiac output) among all groups 
for reperfusion periods of 120 min were compared to 
observe the protective roles of G-Re. Perfusion pressure 
was recorded using a pressure transducer connected to 
aortic cannula. Aortic flow was measured by gauging 
the flow volume ejected from aorta to the cannula lo- 
cated 100 cm above the heart. The coronary flow was 
also measured by the collection of perfusate from the 
pulmonary trunk. Cardiac output was calculated by sum- 
ming the aortic flows and coronary flows. The developed 
maximal rates of contraction (+dP/dt max ) and relaxation 
(-dP/dt^) were recorded after 120 min of reperfusion. 
Both +dP/dt max and -dP/dt,^ were considered as indices 
of ventricular contractility. 

Electrocardiographic recording preparation 

As soon as the hearts were applied to the Langendorff 
perfusion system, electrocardiographic (ECG) patterns 
were recorded from the epicardial surface. All hearts 
were allowed to equilibrate for 20 min. Hearts with 
cardiac rhythm irregularities during the equilibration 
period were excluded. In brief, an ECG recording of the 
cardiac surface was performed after attaching the heart 
to the Langendorff system. Two silver wire electrodes 
were placed on the epicardial surface. Signals from both 
electrodes were amplified using an electric amplifier 
(AB-621G; Nihon-Kohden, Tokyo, Japan), recorded on 
a personal computer (PC-9801VX; NEC, Tokyo, Japan) 
via an AID converter (Analog-Pro Jr.; Canopus Electric, 
Kobe, Japan), and analyzed using WAVE MASTER II 
and WM Read (Canopus Electric) as described previous- 
ly [26,27]. In the present study, QRS interval, QT inter- 
val, and R-R interval were analyzed via ECG recording. 

Determination of tissue necrosis factor-a in heart 
tissue 

In the present study, TNF-a is measured using the 
basis of determining TNF-a related to tissue injury [28]. 
Samples taken from left ventricular tissues after reperfu- 
sion of 120 min were immediately stored at -70°C at the 
end of experiment until assayed as previously described 
[29]. In brief, the tissue was homogenized in RIPA buffer 
(150 mM NaCl, 0.1% SDS, 0.5% sodium deoxycholate, 
1% NP-40, 50 mM Tris, pH 7.4, 20 mM NaF, 2 mM 
EGTA, 0.5% levamisole, 1 mM NaV04, 1 ug/mL leu- 
peptin) containing 1 mM PMSF The supernatant was 
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obtained by centrifugation (18,000 xg, 15 min, 4°C). 
TNF-a level in the supernatant was measured using an 
ELISAkit (R&D Systems, Minneapolis, MN, USA). Fi- 
nal results were expressed as pg/mg protein. 

Statistical analysis 

All statistics were calculated using SigmaPlot ver. 
12.0 (Systat Software, Chicago, IL, USA). Data were 
subjected to one-way analysis of variance (ANOVA) and 
one-way repeated measures ANOVA. If statistical signifi- 
cance was established, values of the control group were 
compared to those of the other groups using Bonferroni 
?-test. For all studies, statistical significance was consid- 
ered at /7<0.05. 

RESULTS 

Hemodynamic data 

The effect of G-Re for hemodynamic parameters was 
assessed by measuring the extent of perfusion pressure, 
aortic flow, coronary flow, and cardiac output with time- 



dependent manner, all of which are basic assessments of 
cardiac function. As shown in Table 1 , perfusion pres- 
sure, aortic flow, coronary flow, and cardiac output were 
substantially decreased to an average of 67.41±5.66%, 
40.0±7.13%, 52.06±10.77%, and 42.42±4.53%, respec- 
tively compared to N/C group (100% being an average 
of N/C) for I/R induction of 120 min (Fig. 3). On the 
other hand, increase in the average values of the he- 
modynamic parameters was observed for G-Re treated 
samples. Compared to N/C, samples treated with 100 
uM G-Re showed higher values compared to 30 uM 
G-Re as shown in Fig. 3. Additionally, when compared 
to N/C, I/R induction resulted in left ventricular dys- 
function by a significant fall in average values of +dP/ 
dt max (1958.5±92.4 vs. 996.8±90.5 mmHg) and -dP/ 
dt max (1651.2±92.6 vs. 963.8±81.7 mmHg) for 120 min 
(Fig. 4A, B). Significant increase in the average values of 
+dP/dt max , and -dP/dt max was observed for 30 uM G-Re 
(1157.2±94.9 vs. 1090.8±80.7 mmHg) and 100 uM G-Re 
(1357.9±89.6 vs. 1270.9±92.1 mmHg) (Fig. 4A, B). As 
shown in Table 1, there was no difference between N/C 



Table 1. Hemodynamic data of each group at the 30 min interval for 120 min 



PP 

(«=9, each group) 



AF 

(«=9, each group) 



CF 

(«=9, each group) 



CO 

(«=9, each group) 



Group 


0 min 


30 min 


60 min 


90 min 


120 min 


N/C 


102.5±4.3 


105.3±3.7 


103.4±4.1 


101.5±3.7 


102.8±3.5 


lOOG-Re 


99.6±4.9" 


101.9*4.6" 


99.7±4.5" 


98.5±5.r 


99.8±4.3" 


I/R 


71.2±5.3 b 


73.8±6.l" 


69.6±5.8 b 


67.5±5.8 b 


65.4±6.2 b 


30G-Re+I/R 


74.2±4.3 


77.4±4.7 


76.3±5.2 


77.6±4.6" 


75.8±4.5** 


100G-Re+I/R 


83.4±4.7" 


85.4±5.7" 


81.6±4.7 


79.6±4.9" 


78.3±4.2" 


N/C 


65.4±3.9 


64.2±4.3 


65.3±4.1 


64.5±3.6 


62.8±3.7 


lOOG-Re 


66.1±4.2" 


65.1±4.7" 


64.3±3.5" 


62.9±4.3 a 


60.4±4.5 a 


I/R 


27.4±3.7 b 


29.6±4.5 b 


26.5±4.3 b 


23.7±5.4 b 


21.7±5.1 b 


30G-Re+I/R 


29.4±4.0 


32.4±4.6 


34.1±5.3* 


34.6±4.9** 


30.6±4.3" 


100G-Re+I/R 


39.6±3.9" 


41.3±4.f* 


39.1±4.7" 


37.7±5.6" 


34.4±5.3" 


N/C 


20.5±1.7 


21.3±1.9 


20.4±2.2 


21. Oil. 7 


20.7±1.4 


lOOG-Re 


19.8±1.5" 


20.4±1.8" 


20.1±1.9° 


19.5±1.9" 


21.8±2.2" 


I/R 


11.3±2.4 b 


10.6±1.5 b 


11.5±2.5 b 


10.9±2.2 b 


9.8±2.6 b 


30G-Re+I/R 


13.1±2.5 


13.9±2.2 


13.8±1.9 


14.2±1.3" 


14.5±1.8*" 


100G-Re+I/R 


15.9±2.1"* 


16.4±1.9" 


16.5±1.4" 


15.5±2.3" 


14.7±2.2** 


N/C 


85.7±2.3 


85.8±2.6 


85.9±3.1 


85.8±2.2 


82.7±2.5 


lOOG-Re 


85.1±2.6" 


85.9±2.8" 


84.7±2.3" 


81.7±2.7" 


81.6±3.5 a 


I/R 


38.6±3.9 b 


39.3±3.7 b 


37.5±3.6 b 


33.9±4.3 b 


31.4±3.8 b 


30G-Re+I/R 


42.5±3.1* 


46.3±4.2" 


47.9±4.5" 


48.8±3.8" 


45.2±3.6" 


100G-Re+I/R 


54.7±3.2" 


57.5±3.l" 


55.9±2.9" 


52.6±3.7" 


48.4±4.l" 



Units are expressed as mmHg for perfusion pressure (PP), mL/min for aortic flow (AF), coronary flow (CF), and cardiac output (CO). Results are 
expressed as the mean±SD in each group. 

N/C, normal control; G-Re, ginsenoside-Re; I/R, ischemia/reperfusion. 

"Significantly no different (p>0.05) from N/C; "Significantly different (p<0.01) from N/C. 

'Significantly different (p<0.05) from I/R control; "Significantly different (p<0.01) from I/R control. 
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Fig. 4. The changes in the maximal rate of change in left ventricular contraction (+dP/dt max ) (A) and the maximal rate of change in left ventricular 
relaxation (-dP/dt,™) (B). Values are expressed as mean±SD. N/C, normal control; G-Re, ginsenoside-Re; l/R, ischemia/reperfusion. *p<0.05, 
**p<0.01 compared with the l/R control group. 
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Fig. 5. Effect of ginsenoside-Re (G-Re) on electrocardiographic pattern (A, normal control; B, G-Re control; C, ischemia/reperfusion [l/R] con- 
trol; D, 30 pM G-Re+I/R; E, 100 pM G-Re+I/R) in isolated perfused heart. 



and G-Re control (100 uM) for all hemodynamic param- 
eters. This result suggests that the G-Re itself does not 
influence cardiac functions under the same conditions. 

Effects on QRS intervals (conduction intervals) 

N/C animals showed a normal electrocardiograph 
pattern. On the other hand, G-Re control animals did 
not show any electrocardiograph changes. More so, 
conduction interval such as QRS interval was not found 
to be affected in N/C group. No significant differences 
on conduction intervals for G-Re control group and N/C 
group were observed as seen in Fig. 5. However, when 
measuring ECG patterns after global ischemia of 30 min 
followed by reperfusion of 120 min, QRS interval tended 
to be significantly prolonged as compared to N/C group 
(Figs. 5 and 6). In I/R control group, an average of QRS 
values were 194.2±6.9 % for 120 min as compare to N/ 
C group (100% being an average of N/C). As shown 
in Fig. 5, I/R induction also exhibited the pathologi- 
cal R amplitude, indicating the induction of transmural 
myocardial infarction. Additionally, QRS interval (i.e., 
atrioventricular conductive times) had significantly short- 
ened in 100 uM G-Re treated samples compared to 30 
uM G-Re treated samples in time domains for 120 min 
I/R induction. Averages values of QRS interval were 



181.36±5.86% for 30 uM G-Re and 158.6±9.08% for 
100 uM G-Re as compared to 194.2±6.9% for I/R con- 
trol group for 120 min (Fig. 6). As shown Fig. 6, G-Re 
with 30 uM dose was effective only for 90 to 120 min 
(p<0.5). The results indicated that the treatment of 100 
uM G-Re is more effective than 30 uM G-Re in the pres- 
ervation of atrioventricular conduction. 

Effects on QT intervals 

QT interval which indicates repolarization time 
showed the normal ECG pattern in N/C group. Treat- 
ment of 100 uM G-Re per se without ischemia induc- 
tion gave no significant differences on QT interval as 
compared to N/C group. For the G-Re control group, QT 
interval changes were similar to those seen in N/C group 
as shown in Fig. 5 and 7. Moreover, treatment with I/R 
induction caused significant prolonged QT interval com- 
pared to N/C group. In the I/R control group, an average 
QT value was 130.18±3.86 % for 120 min when com- 
pared to N/C group (N/C average value=100%). For 100 
uM G-Re, repolarization time, i.e., QT interval, had sig- 
nificantly shortened. Percentage-wise, the average values 
of QT interval for 120 min were 124.44±5.16% for 30 
uM G-Re and 115.62±4.3% for 100 uM G-Re compared 
130.18±3.86% or I/R control group. As shown in Fig. 7, 
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trocardiographic pattern. Values are expressed as mean±SD for nine 
rats in each group. N/C, normal control; l/R, ischemia/reperfusion. 
*p<0.05, "p<0.01 compared with the l/R control group. 
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Fig. 8. Effect of ginsenoside-Re (G-Re) on R-R intervals against 
myocardial injury in isolated perfusion model. Values are expressed 
as mean±SD for nine rats in each group. N/C, normal control; l/R, 
ischemia/reperfusion. *p<0.05, **p<0.01 compared with the l/R con- 
trol group. 
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Fig. 7. Effect of ginsenoside-Re (G-Re) on QT intervals against 
myocardial injury in isolated perfusion model. Values are expressed 
as mean±SD for nine rats in each group. N/C, normal control; l/R, 
ischemia/reperfusion. *p<0.05, **p<0.01 compared with the l/R con- 
trol group. 



Effects on RR intervals 

It is well known that the most trustworthy analysis of 
heart rate interval is performed with R wave to R wave 
(R-R) interval data [30]. In R-R interval, the heart rate is 
usually obtained from an ECG recording that is analyzed 
over a certain period of time. In the present study, normal 
R-R interval obtained similar to those seen in N/C group. 
However, in I/R control group, the R-R interval tended 
to be significantly prolonged as compared to N/C group. 
Compared to N/C group (average for 120 min=100%), 
the I/R control group had an average R-R interval of 
130.19±3.8% for reperfusion of 120 min. This case was 
different when 30 and 100 G-Re were used as shown in 
Fig. 5 and 8. The R-R intervals for 30 and 100 uM G-Re 
were 112.92±3.84% and 110.38±3.44%, respectively. 
These interval data were significantly shorter than those 
seen in I/R control for reperfusion of 120 min. These re- 
sults indicated that the treatment of G-Re at 30 and 100 
uM dose is significantly effective in the preservation of 
heart rate (Fig. 8). 



G-Re at 30 uM dose gave no significant effectiveness in 
QT interval study for 120 min I/R periods (p<0.5). The 
results indicated that the treatment of 100 uM G-Re is 
only effective in the preservation of repolarization time. 



Effect on tissue necrosis factor-a production 

The effect of G-Re on the TNF-a production is shown 
in Fig. 9. Heart tissues of N/C groups produced a basal 
level of 487.35±43.98 pg/mg protein of TNF-a. After II 
R induction, almost three-fold increase (1299.37±96.87 
pg/mg protein) in the TNF-a was observed. On the other 
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N/C l/R 10.0 30.0 100.0 



l/R 

G-Re (nM) 

Fig. 9. Effect of ginsenoside-Re (G-Re) on cardiac tissue tis- 
sue necrosis factor-a (TNF-a) levels in ischemia/reperfusion (l/R)- 
induced myocardial injury in isolated heart. Values are expressed as 
meanlSD for nine rats in each group. N/C, normal control. *p<0.05 
and **p<0.01 as compared to l/R control group. 

hand, treatment of G-Re at 30 and 100 uM dose before 
induction of ischemia caused a significant decrease in 
the amount of TNF-a produced (1028.54±10.5 pg/mL 
protein for 30 uM G-Re and 713.77±86.3 pg/mL protein 
for 100 uM G-Re,/7<0.5,^<0.01). Treatment of 10 uM 
G-Re gave no significant effectiveness in the decrease of 
TNF-a level (p>0.5). 

DISCUSSION 

Cardiac ischemia sets into motion a series of patholog- 
ical conditions that continue until the tissues die. These 
changes begin in seconds after cardiac ischemia and oc- 
cur because oxygen in the cardiac cell becomes insuffi- 
cient [3 1]. It is reported that isolated perfused heart mod- 
el represents the best compromise in obtaining the data 
in relation to the modeling of ischemia [32]. Specifically, 
studying the isolated heart from small mammals provides 
a highly reproducible method, which can be studied con- 
veniently and in large numbers at low cost. This allows a 
broad spectrum of physiological and pharmacological in- 
dices to be measured. This characteristic may be consid- 
ered as an advantage in that it allows the convenient use 
for heart functions. In the present study, the anti-ischemic 
effects of G-Re were investigated by using the isolated 
heart model through analyses of changes in perfusion 
pressure, aortic flow, coronary flow, and cardiac output. 
Based from results, we found that treatment of G-Re 
improved hemodynamic functions during the reperfusion 
period of 120 min. A significant falls in +dP/dt max and — 
dP/dt^ were observed in I/R control group. The deterio- 



rating cardiac functions following I/R induction might be 
responsible for the significant decrease of ventricle pres- 
sure. In addition, absence of positive chronotropic effect 
in the face of reduction of ventricle pressure suggests im- 
pairment of cardiac conduction following I/R induction. 
Normally, the decrease of ventricle pressure is expected 
to reflexively increase cardiac contractility. However, in 
the study, none of these effects had been observed due to 
I/R injury. With regard to G-Re treatment, preservation of 
left ventricular function was evidenced by the significant 
improvement in +dP/dt max and -dP/dt max at various time 
intervals during 120 min reperfusion. However, G-Re 
treatment at small doses (3 and 10 uM) did not have sig- 
nificant affect on the hemodynamic functions during the 
reperfusion period (data not shown). 

In the previous study, ECG was considered as an im- 
portant measurement for study of myocardial ischemia 
[33]. In the present study, abnormal Q wave was recorded 
in I/R control group. In the ECG findings, the abnormal 
Q wave pattern suggests a characteristic for cardiac isch- 
emia [33]. This Q wave normally appears when the in- 
farcted cardiac muscle is electrically inactive and the loss 
of contractility. In this research, I/R induction showed 
a decrease in Q wave intensity and increases in QRS 
complex, QT interval, and R-R interval. These abnormal 
changes may be due to the cardiac dysfunction by injured 
myocardial cell. The increase in QT interval indicates the 
duration of the ventricular depolarization and repolariza- 
tion. QT interval, the temporal difference between the 
QRS complex onset and the T wave end, is considered as 
a global measure of repolarization period which includes 
the total cardiac electrical activity. Therefore, QT interval 
changes can itself have clinical importance. Moreover, 
the changes of the relation between QT interval and R-R 
interval may have important meaning as well. From the 
results, the treatment of G-Re at 30 and 100 uM doses 
decreased significantly the pathological abnormality in 
the ECG pattern such as QRS complex, QT interval, and 
R-R interval. This is suggestive of protective effect of 
G-Re treatment in cardiac functions. Aditionally, a signif- 
icant increase in inflammatory cytokines such as TNF-a 
in the I/R control was observed. Previously, it was report- 
ed that TNF-a plays an important role in myocardial in- 
jury [34]. The treatment of G-Re, however, inhibited the 
TNF-a production which illustrates the beneficial effect 
of G-Re. With results all taken together, hemodynamic 
and biochemical results emphasize the beneficial action 
of G-Re as a cardioprotective material in the present I/R 
study. Therefore, the present study provides a scientific 
rationale for the beneficial use of G-Re. In the point of 
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the safety and efficacy of G-Re, prospective further stud- 
ies for G-Re should be considered to establish the effec- 
tiveness of G-Re in the treatment of cardiac ischema. 
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